iterative matrix solver (GMRES) was used to solve the governing equations of fluid 137 dynamics, and convergence was considered to be achieved when relative errors of the 138 numerical solutions were below 1E-06.
140
The entire flow domain was discretized with 171,893 tetrahedral elements to calculate a flow 141 rate of 109 mL/min. The mesh size provided a grid-independent solution, as refining the 142 mesh further had minimal (~1%) impact on the predicted log inactivation through the system.
143
A 22.56 cm long pipe was modeled at the inlet to obtain a fully developed velocity profile 9 prior to entrance into the main reactor body. The same length of pipe was also provided at the 145 outlet (Durst et al., 2005 
MICROBIAL INACTIVATION CHARACTERIZATION

199
Microbial inactivation data for the reactor was generated using bacteriophage Qβ and the Additional details describing microbial enumeration, propagation, and sampling methods are 
269
showing a decrease in log inactivation as wavelength of light shortens from 275 nm to 260 nm.
270
The decreased log inactivation appears counter-intuitive, as the data from the collimated beam hypothesized (for an optimal design).
294
The fluence distribution curves were numerically generated using the Lagrangian particle 295 tracking approach. The disinfection system was solved using four different operating conditions, then travels in a more uniform manner, at a lower average velocity, until exiting the system.
311
Therefore, the hydraulics suggest that the average microorganism spends more time on the 312 effluent side of the reactor, is exposed to more light, and receives a greater average UV fluence 313 than when progressing through the influent side, regardless of wavelength emission.
314
The spread of the UV fluence distribution curves is another important way to characterize reactor 
ALTERNATING WAVELENGTH EXPERIMENTS: BIODOSIMETRY
333
Two operating conditions were experimentally tested to validate the trends found from the However, the validation testing performed in this research showed that the 275 nm UV-LEDs 503 currently have higher disinfection efficiency (due to significantly higher optical output power)
504
and the reactor's effluent side has a higher hydraulic efficiency. For these reasons, it is clear to 505 see why Non-Optimal #2 is not an ideal design.
507
The experimental and numerical data from the optimal (as predicted using the single-objective finding a potentially near-optimal UV-LED reactor solution.
529
The optimal design required to achieve the 2.0 log 10 inactivation of the microorganism contained 530 some non-intuitive features, including the spatial UV-LED arrangement and the requisite number 531 of UV-LEDs. The non-intuitiveness is particularly in reference to the seven total UV-LEDs 532 required to achieve the target log 10 inactivation, and the exact location of two of the seven UV- force practicing engineers to examine a set of alternative designs meeting a target log 554 inactivation, but are slightly less than optimal, in terms of energy costs. . Biodosimetry analysis of optimal and non-optimal designs for the inactivation of E. coli ATCC 11229. 109 mL/min; UVT=92%.
